Receipt date: 07/08/2009 

OK to be entered 
AJ.H.H/ 03/02/2010 

1 

COLD START ENGINE CONTROL 
APPARATUS AND METHOD 

This application is a conlinuatiDn of patent application 
Ser. No. 08/679,273 filed on JuL 12, 1396 now abandoned. 

HELD OF THE INVENTION 
The present invention relates generally lo cold start 
devices used wilh interna] combustion engines, and in 
particular la on apparatus and method far vaperfaang tbefuel 
ejected from a cold start injector by delivering the Jnel 
through a. heated chamber prior to the intake valve of a 
cylinder bead. 

BACKGROUND OF THE INVENTION 

The increase in atmospheric pollution generated by 
exhaust emissions from conventional gasoline and dicscl 
powered internal combustion engines have caused both 
federal and stale governments to enact laws and establish 
regulations which impose even greater restrictions on the 
perfonnunce of motor vehicles in the areas of exhaust gas 
emission and fuel economy. For example, the ULEV FTP 75 
standards for gasoline engines lint are' lo lake effect hi the 
neit few years call for double digit reductions in lhe levels 
of noxious emissions over the 1990 ULEV FTP standards 
(up to 90% in the case of hydro carbarn;). 

During the start of a cold engine, and before lie cauuyic 
converter can warm up lo be effective, engine Emissions are 
particularly lugkAfterwann-upanddijriiig-nnrmHl ninnin £ [ 
the catalytic converter reduces emissions, mid the internal 
combustion engine usually operates at a 14.7:1 air to fuel 
mixture ratio which also yields reduced emissions. 
However, when (he engine temperarnre is below n certain 
point, it is more difficult for all of the. fuel to be vaporized, 
and achate Factor is needed to supply extra fuel. Otherwise, 
not enough fuel will be vaporized, resulting in a mixture 
leaner than lie desired 14.7:1 swichiometrierano, Typically, 
the first twenty seconds of engine startup operates in a cold 
start "enrichment" mode in which a richer than stoichiomet- 
ric air/fuel mixture is delivered. As the engine heats up to 
normal operation, the additional fuel supplied in the nir/fuel 
mixture is gradually decreased until the desired stoichio- 
metric ratiu is reached and (he engine is running smoothly. 

During the cold start enrichment mode, the increased 
amount of fuel delivered lo Ibe combustion chamber causes 
an increase in hydrocarbon and nitrous oxide emissions due 
to incomplete burning of the fuel. At the present levels of 
allowable hydrocarbon emission, the cold start enrichment 
mode uses an air/fuel ratio of about 10:1 through 14:1, 
producing emissions that do- not exceed today" s standard! nf 
7.0, C .39 and 0.4O grams/mile for CO, HONMDG and NOs. 
These levels of emissione, however, will turns tn be reduced 
to 1.7, 0.040 and 0.20 grams/mile respectively to meet the 
U.S. government*!! ULEV FTP 75 emissions regulations in 
the near future.' This represents n 90f& reduction in HC 
emissions over present levels, 

Heretofore, manufacturers have provided n number of 
devices lo worm the engine foster and in make the choke 
more sensitive. However, these devices have been too slow 
nr too complicated Id effectively meet upcoming ULHV FTP 
75 regulations during that short cold start duration wriDd. 
FurlhermDii!, catalytic converters provide almost no assis- 
tance to reducing emission levels during the cold start 
period. Thus, whal is needed is an uncomplicaled npparatus 
for enabling smooth engine operadon during cold starts that 
produces engine emissions Ihnt will meet the U.S. govern- 
ment's future ULEV FTP 75 regulations requirements. 
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Accordingly, it is an object of the present invention to 
provide a cold sunt apparatus which can reduce the amount 
nf excess fuel needed during cold start procedures. 

It is also an object of the present invention to provide a 
s cold fitonppnrams which can reduce the ©manst amissions 
of an internal combustion engine during cnli start operation 
so as In meet the requirements under the npcoming ULEV 
FTP 75 regulations governing exhaosl emissions. 

It is a further object of Ibe present invention lo reduce the 
lu overall fuel cansumptinn of an internal combustion engine. 

It is another objective of the present invention lo provide 
acold start apparatus ihalinclndes self cleaning mode winch 
lednces maintenance rcquircmfinls. 
u It is Etill another object of the present invention to 
accomplish the above-stated objects by utilizing an appara- 
tus which is simple in design and use, and economical to 
mEnufactuxe. 

ThsfbregoinE objects and advantages of the invention are 
2U illustrative of those which can be achieved by the present 
invention and are not intended lo bs exhauslive or limiting 
of the possible advantages which can be realized. Thus, 
these and other objects imd advantages of Ihe invenliDa will 
be apparent from the description herein or can be learned 
25 fern practicing the invention, bat os embodiEd herein or as 
modified in view of any variations which may be apparent 
lo those BldHed in the art. Ar^rdingly, Ihe present invention 
resides in the novel methods, arrangements, rambmalions 
and improvements herein shown and described. 

30 SUMMARY OF THE INVENTION 

In accordance wilh these and other objects of the 
invention, a brief summDry of Ihe present inventing is 
presented. Some BinapIiBoaliDns and omifisinns may be mode 

35 in the fallowing summary, which is intended lo bigHightand 
intradural same aspects of Ihe present invention, but not lo 
limit its scope. Detailed descriptions of a preferred exem- 
plary embodiment adequate lo allow loose of ordinary skill 
in the art to mate and use the inventive concepts will foUow 

40 in later sections. 

According to a brood aspect nf lie invention, an apparatus 
fnr varMrizing fuel before it is supplied to a cylinder of a 
miuu-cylindcr internal combustion engine is disclosed. The 
maln-cylinder engine includes a fuel supply, and an nir 

45 intake passageway having a throttle vitlve having a piyotafly 
secured throttle plate disposed therein. The cold start appa- 
ratus includes (i) a honsing fluidly coupled on one end to the 
air nunke passageway downstream of- (he localion of ihe 
throttle; (u) a cold start fuel injector having nn outlet and 

50 disposed in the housing; (Hi) an idle air conduit fluidly 
coupled on one end to Ihe air intake passageway, and fluidly 
coupled on the other end to ihe bousing for delivering air 
adjacent lo Ihe outlet of Ibe cold start fuel injector for 
intenmxing air with fuel ejected from ihe cold start fuel 

55 injector; and (iv) a heated chamber having a longitudinal " 
lumen and disposed at the outlet of the cold startfucl injector 
for vaporizing the air-fuel mixmre before it is delivered to 
the engine cylinder- Ibe healing chamber includes a plural- 
ity of independent healing element sections that can be 

£□ separately controlled In vary the temperature across Ihe 
benting chamber. 

A method is also disclosed for reducing automobile 
=xbntret emissions during the cold start of a multi-cylinder 
internal combustion engine having a fuel supply, a plurality 

65 of fuel injectors located adjacent to separate engine 
cylinders, a cold start fuel iajtclor and beater fluidly coupled 
to Ibe engine cylinders, and an air passageway having a 
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pivolidly secured throttle valve, disposed therein. The 
method includes the steps of (i) initiating power la the henier 
Tar n period of time before the engine is started; (ii) 
supplying the Fuel to the engine cylinders through the cold 
start injector; Ciii) mining the fudfrom the cold start injector 
with air at nn amount sufficient to produce a substantially 
stoichiometric ratio of the air to fuel; (iv) passing lite 
substantially stoichiometric air-fuel mixture over the, healer 
clement to cause the fuel to be vaporized; (v) supplying the 
vaporized nir-firei mixture to the engine cylinders when the 
engine is sUalsd, and until the engine Teaches & temperature, 
of about 60° C; and (vi) switching from fuel supplied by the 
cold start Injector to fuel supplied by the plurality of fuel 
injectors after the engine reaches a pre-established threshold . 
es measured by temperature, time am cambinnlian of both. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective diagram illustrating a preferred 
embodiment of the cold sunt device of the present invenQon 
mounted on an internal combustion engine, 

FIG. 2 is a perspective diagram of a cross-sectional view 
of a preferred embodiment of [be cold start: device of the 
present, invention. 

FIG. 3 is a perspective din gram □£ a crasB-Eectimial view 
of one embodiment of a fuel heater according la the present 
invention. 

FIG. 4 is a perspective diagram of a cfoss-eeelioDal view 
of another embodiment of a fuel beater according to the 
present invention. 

PIG. 5 is a perspective diagram of a cross-sectional view 
of yet another embodiment of a fuel heater according to the 
present invention. 

FIG. 6 is a perspective diagram of a crass-sectional view 
of still another embodiment af a fuel beater according to the 
present invention, 

FIG. 7 is a block form diagram of the control systems of 
a. cold 5tnrt device, according to the present baventioa. 

FIG, 8 is a flow diagram, of tha overall operation of a 
prefccTcd embodiment of the cold start device of the present 
invention, 

FIGS. 9 and 10 ore graphical form diagrams representa- 
tive of the apcratipn of (he cold start device aver varying 
temperatures. 

FIG. 11 is a graphical form diagram showing the opera- 
tion of the cold shut device over time. 

FIG. 12 k a Bow diagram af the initial operation of the 
cold Elan device, Exatding to the present invention. 

FIG. 13 is a graphical form diagram showing Ihe opera- 
tion -of the cold snarl device and salient engine operations 
over Erne. 

FIG. 14 is n. flow diagram of the maintenance operation of 
the cold start device, according to the present invention. 

FIG. 15 is a Cow diagram of lbs diagnostic operation of 
(be cold start device, according to the present invention. 

FIGS, 16 and 17 are graphical representations of the 
current levels through the fuel healer, according to the 
present invention. 

FIG. IB is a perspective diagram of yet another embodi- 
ment of the present invention mounted on an internal 50 
combustion engine 

FIG. L9 is a perspective diagram of a cross-sectional view 
of a preferred embodiment of a modified throttle valve 
according to the present invention. 

FIGS, 20>-23 precross-seclirjinttl views of various embodi- SS 
merits of an air aperture mfcen along line A-A' in HG. Iff, 
according to the present invention. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS OF THE 
INVENTION 

The present invention contemplates an improved cold 
start nppnrauiE and method having a healed chamber or 
various configurations to provide for on increased vaporiza- 
tion of fuel and a heater bran thereof lo reduce noxious 
exhaust emissions and decrease fuel consumption during 
engine cold starts. 

Referring now to the drawings, wherein, like 
numerals refer to like elements, there arc disclosed tn 
FIG, 1 broad aspects of a preferred embodiment of the 
invention. It is to be understood that the following 
description of an internal combustion engine, related to 
but not forming part of the invention, is provided for 
illustrative purposes only. In FIG. 1, an internal 
combustion engine .fuel control system having a cold 
start apparatus or device [also referred to as a "CSD") 
identified generally by reference numeral 1 tn 
accordance with the present invention is shown. The 
internal' combustion engine is only shown partially 
because the internal details of the engine, except far its 
cold start apparatus 1 and related controls, do not farm 
part of the invention. However, a portion of the internal 
combustion engine is depicted For ease in understanding 
how the present Invention may be practiced in 
conjunction with any known types of internal 
combustion engines. It should be further noted that the 
cold start apparatus 1 is not limited to use in 
reciprocating engines of the type depicted but may also 
be employed with rotary type engines. Additionally, the 
invention is described in conjunction with only a single 
cylinder of a multi-cylinder engine, as It is believed that 
those skilled in the art can readily understand how Ihe 
invention is practiced in conjunction with multiple 
cylinder engines and engines Df varying configurations. 

Ie one preferred embodiment of Ihe invention, the cold 
start apparatus lis mounted on the intake manifold 10 □Fan 
internal combustion engine. The cold start apparatus 1 may 
he mounted directly to the intake manifold 10 for compact 
design, Alternatively, the outlet of (he cold start apparatus 1 
can be connected to the intake manifold ID via a condniLor 
hose, in a. stand alone design. 

As seen in FIG- 1, the intake manifold 10 is coupled on 
one end to an air supply, preferably through an air cleaner 
(not shown for clarity), which supplies a stream of air as 
indicated by the arrow on the left side of FIG. L Disposed 
45 in the nil passageway 22 of die intake manifold 10 is a moss 
sir flow sensor B of Ihe type known by those stilled in the 
art Downstream Df the mass air flow sensor & Is n throttle 
valve 9 having n pivolally Eecured throttle plate (referred to 
in comhinnlinn as a. "throttle") whose rotational position is 
j0 monitored by throttle position sensor IS. Coupled In the air 
passageway 22 between the mass air flow sensor 8 win the 
throttle 9 is a conduit l-o referred to as on idle air inlet for 
delivering incoming air to (be cold start apparatus 1 
(described in detail below). After passing through the 
throttle 9 iistp the intake manifold 10, the niris mixed with 
fuel supplied by the cold start apparatus: 1 (under cold start 
conditions), or with fuel supplied by a mulli-porl fuel 
injcctorS. 

"Upon combustion, exhaust gases ejdt Ins combustion 
chamber 14 past a lambda (Pi) exhaust sensor 12 
employed for detecting the oxygen level in the esttiBUSt 
gases, nnd through a cauilytic converter 7 used for 
reducing noxious emissions, as is practiced In the art In 
addition, a temperature sensor 25 is mounted in the path 
oF the exhaust gasses upstream of the catalytic converter 
7 to monitor the temperature of Ihe exhaust gases us 
they exit the combustion chamber 14. 
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An engine control unit 3 ["ECU") monitors engine con- 
ditions Ihrougb signal cannectiats ta various sensors, such 
ms the mass nlr flow scncar 8, the. throttle position sensor 15, 
c. crank angle censor 11, the O z sensor 12, the exhaust 
temperature sensor 25, a coolant temperature sensor 13 
"mounted La the engine. jacket, and b current meter IS 
connected to the cur buttery 17. As can. be appreciated by 
those skilled in the art, a. -voltage meter or the like may be 
substituted for the preferred current meter IS, without 
departing from the scope of the invention. 

The ECU 3 contemplated by thepresentinventlonmny be 
implemented prognunmaacally or by direct electrical con- 
nection through customized integrated circuits, or n combi- 
nation of both, using nay af the metiiods known in the. 



to have a gradually increasing temperatuie exposure for the 
passing sir-fuel mature. Alternatively, independent sections 
ran be turned on while others remain oS, or tamed on or off 
Et different instances of time. Varying the start of the 
separate heater sections will reduce (he current spike when 
uieheatfiTelcmentl^mdiulypowereiLLindiiirlDn, some 
iientw sections con remnin off before engine stmt, tn con- 
serve energy when the battery's 17 voltage is deemed 
inadequate for powering nil of the heater elements and then 
cranking the Engine, Lnstty, it is anb'cipnled that it will be 
, expensive to mnnufacture the heater element l-f when it 
made in sections. 

The heater element l-f and the housing of the cold 
start apparatus 1 is ( preferably^ made jj>f aluminum or^a 



industry for providing ; the ^ d^bed berein with- * j£ ^rajjre £ l fc "et" tf 



qui departing from the teachings of the invention. Those 
stalled in the ml will appreciate that From the disclosure of 
the invention provided herein, commercial semiconductor 
integrated circuit technology would suggest numerous alter- 
natives for actual implementation of the functions of the 20 
ECU 3 that would still be within the scape of the invention. 

The ECU 3 uses sensor inputs as feedback far controlling 
engine operation functions. Fur example, the ECU 3 oper- 
ates the fifing of spark plug 4 through no ignition module 6, 
while controlling the flow of fuel to the intake manifold 10 25 
by pulsing the cold stmt apparatus 1 and/or fuel injector 2. 
The ECU 3 also controls the operation of a beater switch 19 
far delivering correct from, the battery 17 to the heeler 
component, (described below) of {be cold start apparatus 1_ 
The beater switch 19 may be any mechanically operated 
switch, such us a relay or solenoid activated switch, or the 
beater switch 19 may heof a solid stale design. In n preferred 
embodiment of the present invention, the beater switch 19 is 
a solid state device that can operate With about 3DD amps 
peak and about HQ— 100 amps steady stale. 

The components of the cold start apparatus 1 ore best 
understood by referring to the operative arrangement of the 
invention illustrated in detail in FIGS. 2 and 3. As illustrated 
in FIGS. 1 and 3, one preferred embodiment of the cold start 
apparatus 1 includes n housing can taming n fuel injector l-d 
having an inlet or orifice 1-c for receiving fuel therein. Idle 
air is delivered through Iheidle air inlet l-a under the control 
of on idle speed control valve 1-6, and down to an idle air 
mixer 1-fi for mixture with fuel being ejected from an outlet 
□r orifice l-*f of the CSD Fuel injector 1-rf. Idle air miring 
with the fuel spray assists the nmaiixstioo of the fuel 
particles thereby promoting the vaporization of the fueL 
Upon mixing, the air-fuel mixture traverses through (or 



30 



35 



4Q 



preferably includes an inner surface 1-g of the lumen 
that is made of a hEtit conductive material such as 
aluminum or the like to facilitate a rapid warm-up. .The 
aluminum surface l-g also provides a durable surface 
that resists fuel deposits and pressure fluctuations 
during backfiring. However, as can be understood by 
those skilled in the art, the inner surface l-g- of the 
herder element l-f may be made from a number of 
suitable elements or alloys that can provide for heat 
transfer to the passing fuel for vaporization thereof. 

Working outward from the inner surface l-s, FIG. 3 
discloses nTieated surface l-h biased against the inner 
surface l-g by a spring 1-/. The biasing effect of the 
spring l-i allows far the thermal expansion nnd 
contraction of the heated surface l-/i while maintaining 
Its contact With the Inner surface l-£ The heated 
surface is electrically coupled to the ECU 3 (shown 
in FIG. i) by positive electrode l-m and negative 
electrode l-n. One of the electrodes (either l-m or 1-n) 
is connected to the heated surface l-/i through Spring 1- 
T, white the other electrode contacts the inner surface l- 
g. As con be appreciated by those skilled in the art, 
positive electrode l-m and negative electrode l-n are 
isolated electrically from the body of heater element 1-/ 
by positive electrode insulator 1-q nnd negative 
electrode Insulator l-p, respectively. Continuing 
through the layers oF the heater eiemenL l-f. Flu. 3 
shows insulator 1-/ covering heated surface l-h and 
spring l-i The insulator layer 1-/, is, in turn, covered by 
outer surface l-/c 



FIG- 4 discloses another embodiment af the beater elc- 
« meat I -/without an aluminum inner layer l-g. This embodi- 
meat is similar to the embodiment of FIG. 3, but with the 
healed surface l-h directly exposed [o (he passing air-fuel 
mix-hire. Advantageously, warm-up lime and heat loss arc 
reduced in (Ms embodiment However, over time and with- 



across) a heater element 1-/ which fully vaporizes the fuel 50 out proper maintenance, heater performance may be 



The beater element l-f is preferably a cylindrical canister 
defining a longitudinal cbnmber or lumen therein through 
which the air-fuel mixture is vaporized. It should be noted 
that although a cylindrical shape is preferred for reasons that 
include ease of manufacture, ntJifDrmity of fuel, discharge j 5 
and uncomplicated hose connectivity, (he present invention 
is not so limited in that any shape would be acceptable as 
long as Che foregoing functions can be achieved. 

The heater element l-/mny, optionally, be comprised di" 
a. plurality of separate beater sections or elements disposed fit! 
adjacent to each other (designated by the numerals #1, -S3, #3 
and #4 in FIG. 2). to a preferred embodiment, each separate 
section is electrically isalnlec from the other, so thnt the 



degraded due to fuel cootaniiniints impinging upon the 
healed surface 1-/l 

FIGS. 5 and 6 disclose two additional embodiments af the 
healer element L-f as shown in. FIG. 4. 

In FIG. 5, the disclosed embodiment of heeler element l-f 
includes n lumen having on internal thread-like configura- 
tion in which the heating surface 1-fi contains a epiralUig 
depression, or alternatively, spinding projections 1-r inside 
the lumen. The increased surface area of the beating surface 
l-h and the circuitous configurauaa causes the air-fuel 
mixture to travel down the lamea in a swifting fashion with 
increased exposure to the greater beating urea. As a result, 
the ntomfoatibn nnd vaporization of the fuel is both faster 
and more homogeneous. This allows for the design of 



current to each section can be independently controlled. In 

this manner, the temperature of each section can, be inde- 65 heeling element l-f of less length while still achieving tbe 

pendenlly set so that, for exnmple. the [emperanire of section desired performance, and an overall reduction in the heal 

2 can be bouer thao the temperature of section 1 nod sa an loss tn the air. 
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h. the emboiEmeat disclosed in FIG, S, the healing bmr«raliireEcnsor25,oracombfoatIon of both. The liming 

surface l-h is configured generally in the shape of n. cork- of the spark ignition is retarded several degress (step 16) In 

screw 1-J lia-nugh length, of the lumen. As can be accordance with such engine operating factors as the pulse 

understood by (hose skilled in the sit, Ibis embodiment width durations set in steps 12 and 14 above, the engine 

causes the nir-fhel mixture to also flow in a swirling fashion 5 laodi etc. 

and provides an increase in (he surface men dF lhe heating Alternatively, b step 10, if the Riel flow rate 

surface l-h over the embodiments disclosed above. deman^ is within an acceptable range, only lhe injector 

Consequently, the varwriiotian effect is increased, and a P U ' SE width of the cold start apparatus 1 is set (step 13}, 

shorterheiitinE element 1-f design enn be used to produce the find the spark igrittion timing is retarded a 

illustrated m FIGS. 4-6" wilh thai of HG. 3, further desenp- above 0" C„ only the CSD injector 1-tf oFthe cold start 

tion of these embodiments should not be necessary to apparatus 1 will be operating until engine warm-up is 

understand ihe construction or operation of lbs different reached, nnd the functions utilizing port injectors 2 

embodiments of hearing element 1-/ shown in branch through steps 12-16 will now be 

_ . . , , . „ f__.^ „ u j- t e .i tj . j. n utilized. Until the engine temperature reaches warm-up 

«mpiemeni a prereirea emnoauneot or me am stmt " { at about 80° C), the process repeals steps 6 through 23, 

apparatus L in a conventional internal combustion engine, _ , .. _., _, ., . 

some additional components mny be necessary. The salient a J* 6 ??!? ™»>?a™«i whan the engine tonpert- 

compen^^^thth^mtar^o^.^^ ^aches BO" C ^eoguiewanB-npwuU have been re^ 

in block diasram form in HG. 7. md P° A fuel Rectors 2 ^ ° VEr ( st£ P M) with the CSD 

- i_7i_ j -J t ™ , . _ , . , a fue 1 injector 1-d and heater 1^ being shut off (steps 2C and 

The nghthand side of HQ. 7 shows the ECU 3, which. ™ ^ Port fuel Ejector logic tales over framuiis^int on to 

receives sensor input data from the mass arr flow sensor 8, opfM[fi ^ fcd ^-^^ 2 Csla 30) ahj^a ^ 

t^a^^s^atlX^D^l^p^r^^Vimd. embodiment provides for switching tel delivery 

throttle position sensor W. Relying pnmanly on these fom ^ CSD ^ j. ^ w ta ^ ^ ^ j,,.-,^ 2 

sensor inputs, the ECU 3 controls the operation of the BponepgineiernpenilJireiencningtbe wam-up threshold, ll 

components of lhe cold start apparatus 1. The ECU 3 shDU , d bc nQted ^ tetWMtt ^ ^ = 

console thecooduclion of electncty between, the fuel heater could be triggered Biter n prenetErmiDcd lime period, nr a 

1-/ nod the battery 17 by opening and closing ihe healer minDiBnl i otl „ f temperataie MD time measurements. 

mtegrated within the ECU 3/Ihc ECU 3 is also coupled .to eTtcced the prerel ttnsbnld. lie ECU 3 checks lo see if the 

an .die speed contro valve driver 41 for operatrng the idle engine temperanjre is in cue of the iransient temperature 

speed control valve 1-6 which regulates «r flow to idle au- (jj(E ^ M eaoWB fa Ra 9 ^ - B from ^ 

mrscr 1-=. As noted earher. air at the idle mrmixer 1-e mixes C . to 20" C^, and again in 60° C. through BD= a In the 

with Ihe fuel ejected by CSD fuel tajecmr 1-d to thereby t . mboiimmt in FIG. 10, the ttanrient Ismpem- 

vwt m tttomizu.fi the fuel as it is delivered to the dnjent arB 6nm -20" C, W 0° and fium 60" C to BO" 

beater 1-/ The P ukin £ of CSD fuel Enjector 1 -d is controlled c _ tau^^trnnges arecharacterized by a substantially 

by a fuel injector driver 40 coupled between the CSD ftel - sw ^. npen ,fl mo f lte pirtludiiyB*jnawia.« e aidto 

rnjcctor W nnd the ECU 3. As wtth the case of the beato ^ tajeeJnr ^ ^ WQich ta1i , ^ of m 

switch driver 42. the idle speed control valve driver 41 6Upplying ^ ta ^ ta bvereely Yarying amounts as 

and/or the fuel injector driver 40 may be a separate unit fortemperature changes, 

^pnn" 11 ' they may .be a r^cb'on integrated ^^uintep Jot HG.fl.tf the engine inmperoture 

withm the ECU 3 usmg commercudly available eiectmnic ^ ^^^-^^^^^^Ulm, 

camponen . ^ cn ginet£mpernturc must he greater than BO" C„ end 

The overall operation of the cold start apparatus 1 during aa [ y ^ pajt i^ccta^ z will he operatioaaL Conversely, if 
an engine cold start, is illustrated in FIGS. B-1D. HG. R is a <5 ^ ECU 3 ^ □pcmiing within n. transient ran E e with Idw 

Dow cbartof the overall operation of the cold start apparatus ^swa. Idle, speed, the eogine must be Qperating between SO" 

1. FIGS. P and 10 show graphical representations of the cold ^ Bff = c„ with CSD injeclDr 1-d of the cold slnrt 

start apparatus 1 with respect to the operation of part fuel apparatus 1 still supplying fuel (step 9). As the temperature 

injectors 2, increases, the fuel ntom injector 1-rf is gradually reduced and 

Reference will now be. made to FIGS. 6 and S la comhi- 50 the fuel supplied by the port injectois 2 is gradually 

nation. During a typical engine startup, thcECU 3 will cycle increased until the ED" C. wann-up temperature is reached, 

through engine start up procedures (step 2) and diagnostic Aj shown in FIG- 11, the fuel level supplied by the port fuel 

procedures {slap 4). These routines will be explained in injector 1, as the cold start apparatus 1 decreases its fuel 

detail below, however, Far the purposes of explaining HG. supply, does not necessarily nave to be a linear iaveise 

B, it is assumed that bath procedures have been completed 55 thereof (e.o,., Pattern 2). Rather; a noa-lincor inciensfe in the 
successfully. In step 6, the ECU 3 Erst checks the idle speed fuel supply might be fallowed, such as the non-linear 
in see if it is high, as determined by comparison to a preset increases depleted by Pattern I or Pattern 3. These fuel 
threshold, IT the idle speed is high, as when a cold engine is demand patterns may be used to account for varying factors 
first started, then the ECU 3 will calculate the fuel flaw rate such as intake manifold volume, engine displacement, 
demand of the engine (step S). engine rpm nnd load, and less than ideal fuel combuEdBn- 

If the fuel flow rale Is lower than a preset threshold limit Continuing wilh step 32 of HG. 8, hi the part fuel 

(step 10), such as when the engine temperature is below 20° injection phase, the ECU 3 conducts a maintenance procs- 

C, the ECU 3 will set the injection pulse width of the cold dure for the cold start apparatus 1. PrMdicnlly, a cleaning, 
start apparatus I and/or the fuel injector 2 {steps 12 and 14) condition is checked (step 32) fminitialing ahealer cleaning 
depending on Ihe engine temperature, as shown in FIG. 9. It SS routine [step 34). as more fully explained below. This cycle 
Should be noted that the engine tempembHE may be moni- of steps proceeds as loug as the engine is running (step 35: 
tared either by coolant temperature sensor 13, exhaust Ignition fcey in the "on" position). 
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Turning now Id FIG. 12, lbs engine start logic procedure done so thai dttring cranking, a small amount of fuel can be 

(shown as step 2 in HG. 8) is described in detail. In a fired tramuiBpnrtfiieikJwtrH2tareduwlhBpQB6ihiIityDF 

preferred embodiment of the invention, power to the hooter backfiring. Dining engine start, current to the heater element 

clement 1-/ is initiated as quietly he possible Id provide bolted so tint all of tan battery's 17 currant can be 

adequate warm-up time. As such, the heater element l-/may j directed to cranking the engine. 

be tamed on upon the occurrence of a door switch being Ooce the engine slurb, port fuel injection is stopped and 

engaged, a lemnle key usage, a switch for detecting when a foal delivery from the CSD injector l-d started. ThVispEirk 

person sits in the driver's seat, or any combination of the 0min E ^ reefed. The amount of air through the idle speed 

forgoing (step 40). It is important to note that the action CDDtrol vnlve x . b & s]i bQ ^ fi b ^ entBr „ 

which 1b used to inmate power to ibe healer element l-/is id cold start apparatus 1 to assist in the vaporization of 

not critical to the iriveniion, and that even using the car's ^ ^ a CSD ^ mndlti0Qi 

lgiutton key switch as the trigger for beater element l-/may wUy continue for about 20 seconds until the ratnlytfc 

suEcc. as tang as the hsatcr element l-/is engaged as soon converter 7 reachea an anticipated warm-up state that begins 

as possible pnor to engine start reducing exhaust emissions. 

Once the process is started, the voltage of the car battery W After engine warm-up, the CSD injector l-d is stopped, 

1 7 is checked via current meter 18 to ensure that mi adequate spark liming is set to normal and port fuel injector 2 takes 

charge is available [step 42) to bent the heater clement 1-/ over the function of supplying fuel to the engine. The heater 

and crank the engine. If net enough voltage is present, as element l-/iemainB ana little longer to insure that no liquid 

determined .by pre-established criteria (step 44), then the mel f Dnn && rald Btort oppaiams i remains m ue intake 

ECU 3 proceeds directly to the port injection procedure 10 manifold. 

outlined in step 30 of FIG. 8, and use of the cold start „ . .. „ „„, , .„ , , . 

,„„ n „ hls , _„„ Wo j _i,„„„rt,„ Tw; cai! ,u „iw...,„. t,„ Periodical y, the ECU 3 wil engage m a cleaning 

appnrarus j l IB avoidedalio E ea E r-Tni 5 way.whatev B rchai Be onEratiorii Vindicated In Steps §2-34 in FIG, t 

is remaining in the car battery L7. it can be devoted to tfmntcnance on the heater element 1-/ consists of 

hireling the start motor {not shown), another source of high claming off deposits on the inner surface by spraying 

current demand before the engine is running. 25 liquid fuel across it For a short duration. This can he 

If enough voltage exists far bath the needs of the heater ? E f" "L l , hE , ^tn™3 Jt,™2i ™' S it S 

, * r j if . .l l j ..-< l t n - injector 1-a is mamentEnly turned on while the pulse 

element 1-/ and the starter motor, the heater sw.lch 1° is ^ of ^ rt inJector \ is simultaneously reduced 

closed and the beater element i-f is started (step 45). Next, f or an equal duration. The idle speed control valve 1-b 

the ECCJ 3 proceeds through a diagnosis logic routine (as Is also opened fer this period, so that the passing air can 

seen in PIG. 4 of FIG. 8), which will be described in detail 30 carry the fuel across the heater element f/and into the 

below. After diagnostics are saccessfully run, ihe ECU 3 engine cylinder 14. After Ihe liquid fuel washes the 

checks to see how much lime has lapsed since the beater j™" ™:b ° rth - e hcater elEmE " t 1-/.^^ vaporized 

dmenLl/wasturnadunCst^^ rLifold com P Dnents Wlthln &D t[Uakc 

period has lapsed without the engine being started (step 50), ^ control characteristics of ihe cleaning operation me 

then the heater element 1/ is turned off. Presumably, the " shown in the flow chart diagram of FIG. 14, Starting at the 

vehicle's opera lor has entered the car, but does not intend to top> & B cleaning mode procedure initiates (step 34, from 

start the engine. This being the case, the heater element If dtq. 8 j by checking the engine coolant temperature to 

is no longer needed, and the. current drain it produces is msure that the engine has warmed up (step 80). In additioo, 

slopped (step 52). ^ u, E jjcu 3 checks to see that the engine is not idling, the 

'With the: Ignition engaged, the engine temperature is vehicle speed and engine conditions are in a steady state, the 

measured (step 5fi), If the engine is already warmed-up air-fuel mixture ratio is. ant in a lean state and the healer 

(above B0° C,}, then the hisnter element I-/ is tamed off clement l-/ts off (steps 82-JHJ). If all Df these conditions are 

(steps 58-fiQ) and the Engine tan be cranked {step 6S). As met, the CSD injector l-d fires a preset pulse width of fuel 

can be appreciated, if Ihe engine is cooled (below 80° C), ^ {step 92) while the port injector! pulse width is reduced by 

the temperature of the healer element l-/ls checked to sea o ranrapondrag amount (step M). When the deaning opera- 

if it has heated up before proceeding with the engine start tinn is complete (step 96), the ECU 3 returns to normal 

(steps 62—64), IF the temperature of heater clement l-f has engine operation routines. 

notrisen. the process loops back through the diagnosis logic The diagnostic operation (step 4 of FIG. 8) wiJl now be 

(step 4) until it is ukny to start the ignidon (step 64). SQ (ji^c^cd in detail, with reference to FIGS. 15-17. Diag- 

Aficr checking the teaipemterE of beater etement l-/(step aostics in the beater element l-f are based primarily on 

64) and finding it to be operating properly, the engine is current and temperate measurements. In ihe diagnostic 

cranked (step 56). A timer is sauted (step 68) and if engine mode, the heater element I-/" is powered dd (step 100) and 

cranking does not lead to engine start before a preset the beater current is measured (step KH) using currcntmetcr 

time-out occurs, engine diagnostics arc run (step 4). As will 53 IB. 

usually be the case, the cranking will lead to engine start. The beater cunentin a properly operating heating element 

The process then resumes to checking the idle speed (as in l./wDJ follow Ihe path outlined by the solid line in Ihe graph 

step 6 of FIG. 81. shown in FIG. 17. During an irntial period the current 

The dining diagram in FIG. 13 corresponds directly to the will surge to a level I n^Bo that the temperature of the h eater 

events outlined in the flow cbnrt of FIG. 12. In Ihe ease of ED element i-f can quickly reach a steady state condition. After 

one preferred embodiment of the invention, once Ihe door 1^15 reached, the current is reduced In alevd represented 

switch is activated (as by a person entering the vehicle), the by in FIG. 17. FIG. 17 also indicates in the dotted line 

beater elemeot 1-J"is switched on. The benicr element l-/is Ihe graphical rerjrescntation of the heaicr element l-f In a 

turned on before even the cold start apparatus 1 Id reduce the deteriorated or dirty condition, and in an overcurrent ctm- 

possibilily of unvaporized fuel being emitted. Next, when G5 dition when 0 fault crisis, 

the Ignition key "is turned, the idle speed control valve 1-6 is FIG- IS indicates the initial inverse relttlionship between 

opened while the spark timing is odvnnced slighdy. This is (be current level and Ihe heater element l-f temperature. 
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Initially, more current is needed to increase the temperature 
of the healer element 1-/ Ae the temperature begins to 
increase, the current can be decreased until both the current 
and temperature levels achieve a steady stats balance. 

Returning to FIG. 15, when the current peaks (step 104), 5 
the ECU 3 will store the measured current value (step 106) 
and the time it took to reach the peak current (step 108). 
These values are then compared to pres tared threshold limits 
(steps 110-112) to detect a fault (step 124) if the measured 
current is too high or the heater element l-f takes too long lC ' 
to heal up. Upon the detection of a fault, a malfunction 
indicator light is turned on step 126), and the cold start 
apparatus 1 is bypassed in favor of portion injection opera- 
tion (step 128). This process protects the heater element l-f 
from overheating or having a dangerous over current can- 15 
dition. 

In a similar manner, the steady state current level is 
compared to a prestored threshold level to detect any fault 
conditions and avoid operation of the beater element 1-/ 
during cold start idle, if the steady state current is out of 20 
bounds (steps 114— 118). The measured steady state current 
value is compared to expected values based on several 
engine operating parameters, including fuel flow rate, ambi- 
ent air temperature, mass air now rate and engine vacuum. 

Lastly, after the idle period during cold start, the ECU 3 25 
checks that the cold start injector l-d has ceased emitting 
fuel and that the idle speed control valve l-b has closed. If 
these operations have proceeded properly, the ECU 3 returns 
to normal engine operation routines (step 130). Otherwise, a 
fault is indicated (steps 124-128). 

FIGS. 18-23 disclose another embodiment of the present 
invention that provides for more precise idle airflow control 
to the cold start apparatus 1. The embodiment in FIG. 18 is 
similar to the embodiment shown in FIG. 1, However, FIG. 3 , 
18 further discloses a cold start apparatus 1 having an idle 
ak inlet 1-a connected to the air passageway 22 adjacent to 
but downstream of the location of the throttle 9 when it is in 
a closed position (indicated by the vertical dotted line 
depiction of the throttle plate in FIGS. 18 and 19). In this 4 
embodiment, the throttle 9 is located within a tapered bore 
20 that in part covers the opening of the idle air inlet 1-a. The 
tapered bore 20 is dimensioned to provide a seal about the 
throttle 9 for about 20% of its rotational travel In this 
arrangement, air is blocked from traveling downstream of ± 
the throttle 9 until it has opened about 20%. 

The area of the tapered bore 20 that covers the opening to 
the idle air inlet 1-a further contains an air flow hole or 
plurality of air fiow holes 21 as shown in the views in FIGS. 
20-23. The views in FIGS. 20-23 are a cross-sectional 5D 
views of the tapered bore 20 looking into the idle air inlet 
1-a, taken along the line A — A in FIG. IS. 

As shown in FIGS. 20-23, the shape of each air flow hole 
21 is designed to allow for increased air flow as the throttle 
9 is opened, For example, as the throttle 9 rotates open, the 55 
exposed area of the air flow hole 21 is increased (from left 
to right in the diagrams) thereby allowing far increased uir 
flow into idle air inlet 1-a. Different design shapes or 
numbers of air flow holes 21 allows for varying air flow 
control to the cold start apparatus 1. As can be appreciated, gc 
increased air flow controllability provides improved engine 
idle stability, especially in large bore throttle bodies and/or 
large displacement engines. 

Advantageously, the tapered bore 20 of the present inven- 
tion provides sufficient control of the air flow to the cold 51 
start apparatus 1 such that the need for another air flow 
control device (such as idle speed control valve 1-6) may be 
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eliminated. In addition, by directing a larger amount of idle 
air to the cold start apparatus 1, cold start emissions can be 
reduced through improved vaporization even at high fuel 
flow rates. This can decrease catalytic converter light-off 
time and reduce emissions without sacrificing low speed idle 
stability. 

Although the present invention has been described in 
detail with particular reference to preferred embodiments 
thereof, it should be understood that the invention is capable 
of other and different embodiments, and its details are 
capable of modifications in various obvious respects. As is 
readily apparent to those skilled in the art, variations and 
modifications can be effected while remaining within the 
spirit and scope of the invention. Accordingly, the foregoing 
disclosure, description, and figures are for illustrative 
purposes only, and do not in any way limit the invention, 
which is defined only by the claims. 

What is claimed: 

1. A cold start apparatus for vaporizing fuel before it is 
supplied to a cylinder of a multi-cylinder internal combus- 
tion engine having a fuel supply, and an air intake passage- 
way having a throttle valve comprising a pivotally secured 
throttle plate disposed therein, said cold start apparatus 
comprising: 

a housing fluidly coupled on one end to the air intake 
passageway downstream of the location of the throttle; 
a cold start fuel injector having an outlet and disposed in 
said housing; 

an idle air conduit fluidly coupled on one end to the air 
intake passageway, and fluidly coupled on the other end 
to said housing for delivering air adjacent to the outlet 
of said cold start fuel injector for intermixing air with 
fuel ejected from said cold start fuel injector; and 
a beating chamber having a longitudinal lumen and dis- 
posed at the outlet of said cold start fuel injector for 
vaporizing the air-fuel mixture before it is delivered to 
the engine cylinder, wherein said heating chamber 
includes of o plurality of separately controlled inde- 
pendent heating element sections to vary the tempera- 
ture across the heating chamber. 

2. A cold start apparatus according to claim 1 further 
comprising an idle air control valve for controlling the 
amount of air delivered to said housing. 

3. A cold start apparatus according to claim 1 wherein said 
idle air conduit is fluidly coupled to the air intake passage- 
way upstream of the throttle valve. 

4. A cold start apparatus according to claim 1 wherein the 
throttle plate is disposed in a tapered bore within the air 
intake passageway. 

5. A cold start apparatus according to claim 4 wherein 
said tapered bore further comprises at least one aperture 
adjacent to and downstream of the throttle plate when the 
throttle plate is in a closed position, and said idle air conduit 
being fluidly coupled through said aperture to said air intake 
passageway as the throttle plate is rotated open past said 
aperture. 

6. A cold strut apparatus according to claim 1 wherein said 
heating chamber further comprises a spiral depression 
within said Jamen to effect the air-fuel mixture passing 
through the hearing chamber to flow in a circuitousiy 
swirling fashion therethrough. 

7. A cold start apparatus according to claim 1 wherein said 
heating chamber further comprises a heated surface config- 
ured in the shape of a corkscrew, and disposed within said 
lumen to cause fluid passing through said lumen to flow in 
a circuitousiy swirling fashion therethrough. 



